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INTRODUCTION
Recent advances in techniques of tissue culture and
tissue transplantability have opened new avenues in the
investigation of tumors. Even though the indications are
that variations in chromosome number and karyotyoes are
(hr, 13/21, 70)
not the primary factors in cancerogenesls
there are indications that chromosomal and morphologic
variations of cells in cultures seem to bear directly on
the physiological phenomena of tumors and possibly on the
etiology of the tumors themselves. The latest investigations
concern themselves with the variations in metabolism,
physiology, morphology, and karyotyoic constitutions of
tumor cells grown in vitro and in vivo. One of the variations
that is being more thoroughly studied is the chromosomal
patterns and the changes in these patterns of cells in tissue
culture.
In the late 1920' s Boveri first suggested variations in
(6)
karyotypic patterns as a possible basis of neoplasia.
Due to the lack of adequate investigative technlaues, thought
in this field remained at a purely speculative level for many
years. With more recent advances in the perpetuation of cell
lines in tissue culture, in the use of colchicine as a spindle
inhibitor to arrest dividing cells, in the preparation of
microscopic specimens, and in staining techniques, more de
tailed karyotyoic analysis has become possible.
Studies up to present clearly demonstrate that no one
karyotype characterizes tumor cells, and that instead great
variation? in chromosome number and patterns seems to be a
d
(II, 12, 13, 25, 30,
characteristic feature of human neoplasms.
39, 1+8, $1+, 65)
The events which result in polyploidy, are
believed to represent disturbances in the balance between
chromosome reproduction and chromosome distribution to daughter
cells. According to Levan and Hauschka two main types of
polyploidization occur— first, the so-called c-mitotic
duplications which arise from failure of the spindle, with
the result thpt the two chromosome halves are not distributed
to daughter nuclei, but remain in the same telophase nucleus;
and second, and more important, endomitotic duplications which
proceed inside the nuclear membrane and do not involve the
spindle, the doubling occurring during the resting stage and
the chromosome number being already double when the spindle
Cl4-3>
is formed.
A related phenomenom which results in the production of
an aneuploid karyotype is that of non-disjunction, where
a oair of homologous chromosomes fail to separate during ana
phase, resulting in daughter cells with chromosome numbers
above and below that of th<= mother cell. Non-disjunction is
considered by some authors to be the most frequent cause of
(2Ll)
deviation of the diploid chromosome number.
Nuclear fusion and mutations may also result in chromo-
(61+)
some number alterations. Furthermore fluctuations in
number are also attributable to abnormalities involving
structural alterations of the chromosomes themselves, re
sulting in deformation of chromosomes into unusual, irreeular
bodies such as ring structures or dipolar chromosomes, and
-3-
producing heterochromaticity, variations in chromosomal
(17, 20, 35,
shape and size, vacuolization or fragmentation.
39, 1+3, LlLl, 65, 71)
The reasons for the predominance and perpetuation of
these phenomena in neoplastic cells, and their relative or
complete absence in normal tissue cells, still remains a
question whose answer possibly lies In the field of nuclear
metabolism. Nevertheless the end-result of these phenomena
are clearly observable in tumor cells and produce variations
in chromosomal number and morphology.
In normal tissue, deviations of chromosome number rarely
occur. Under normal conditions, these deviant cells apparently
offer no selective advantage and are rapidly outsrown and
eliminated by cells with the normal chromosome complement.
On the other hand, it seems that deviant cells composing
tumor tissue develop some type of selective mechanism for
themselves (if not for the organism as a whole). It is
undetermined whether increased ploidy derives from the general
freedom from the organism's regulatory mechanism usually
exhibited by tumor cells, or what is more important, whether
it is of itself, the cause of abnormal cell behaviour. Dif
ficulty in the identification of pre-cancerous and early
cancer cells as such, have hindered the chromosomal studies
(12)
of these tissues. Nonetheless the overall result of the
above described phenomena, is a large number of cells differing
both in their genetic and morphologic characteristics, thus
creating an extremely diverse cell population.
-iL-
This ploidy appears to be one of the principal charac
teristics of malignant tumors which account for their trans-
(12, 17, 29, 36, 1+3,
plantability and for their perpetuation.
55, .57, 58, 59, 73, Ik)
In normal somatic mammalian tissues,
the vast majority of cells have the same chromosome number
and there are at most, only a very small percentage of cells
(56, 68)
with chromosomal numbers differing from the diploid.
On the other hand, each growth of malignant cells consists of
a population with a wide range of genotypes, derived from a
common parent. The biological success of the tumor as a whole
is presumably due to the natural selection of the successful
(5, 19, 20, 31, 32, 1+6, 65)
variants and the randomness of this
process explains the uniqueness in the characteristics of
each malignant tumor.
In general it can be said that there exists an inverse
relationship between ploidy and host specificity, those tumors
with a diploid or near-diploid chromosome- set being either
strain specific, or having a very narrow range of host speci
ficity, while those with an aneuploid, tetraploid, or near-
(17, 20,
tetraploid chromosome- set have a wider range of hosts.
57, 65, 67, 73)
Yoshida showed that by transplantation of
Yoshida Sarcoma into B-rats, the number of tetraploids in
creased from 3.8% to 5l% of the total, and gradually decreased
to the original condition after two or three transplant
generations, thus indicating that polyploid cells are more
resistant to the hostile situation produced by the transplant,
(71+)
than are the cells with a lower chromosome number.
-5-
Some authors thought that the heterotransplantability
(73)
of polyploid tumors resided in their inability to immunize,
while more recent work modified this view to show that the
heterotransplantability is not so much due to a lack of
antigenicity, but to a sain in resistance to the immunizing
(57, 58, 59)
responses of the host. The evidence available
at present points to this latter view. Furthermore, Greene
has shown that the properties of heterotransplantability and
metastasizability are attained simultaneously by tumors, and
in practice demonstrated that heterotransplantable tumors
(11+, 15)
invariably had metastasized in the primary host.
The question arises as to how these aneuploid or polyploid
cell lines are able to survive the transplantation process
and perpetuate themselves. In 1956 Makino first postulated
the concept of the stemllne-cells as the progenitors of
(1+5)
neoplastic populations. Support to this theory has been
(1, 12, 17, 29, 30, 35,
given by a large number of Investigators.
39, 1+n, 73)
Makino postulated that once a tumor line becomes
established, there exist a certain number of cells occurring
most frequently in the population which have a characteristic
chromosome number, and which perpetuate themselves. S^rly in
malignant development, genotypic variations are produced by
the structural, developmental, and mutational changes previously
discussed. Those cells well adapted to the physiological
conditions of the host and having the most successful chromosome
combination in favor of autonomous growth may form a cell
line (or lines) which predominates over others. These are
-6-
the "stemline cells" and they perpetuate the tumor by virtue
of being the strongest, the most vigorous in arowth, and the
(29)
most resistant to environmental variations. Makino
observed that even though the chromosomes in each human tumor
show a wide range of modality, there is always a distinct
mode (or modes) characteristic to each tumor-
Most of the stemline-cell chromosomes differ not only
in number, but in shape snd/or size from the normal chromosomes
and from the chromosomes of other tumors, even those origi
nating from one and the same organ, thus rendering each tumor
(17, 1+7, 1+8)
genetically unique.
In Makino ' s studies of thirty different human tumors,
he found diploid, hyperdiploid, hypo triplold, triplold,
hypertriploid, hypo tetraploid, and hypertetraploid stemline
numbers. Most frequent were those with near-diploid and
hyperdiploid stemline numbers. The indications from his
(39)
studies and from studies done by Ising and Levan point
to the fact that an optimal region for stemline numbers in
human tumors is present above the diploid and below the triplold
number in man.
There are two theories offered as explanation of the
rising of stemlines in tumor cell populations. One was set
(1+7)
forth by Makino and Sasaki as an Interpretation of the
rise of four sublines In the Yoshida Sarcoma. They claimed
that a change in the environmental situation
exercised an
inductive effect on the tumor lines producing the shift in
stemline-cell chromosomal number. The second theory, advocated
_7-
(30) (W
by Hsu and Klatt and later adopted by Makino et al.
explains the ohenomenom on the basis of natural selection of
those cells better adapted to the new environment, from amongst
a tumor population of oolymorohic or mixed genotypes. Other
(26)
studies seem to favor this later explanation. Hsu's
theory states that at a given time and in a given environmental
situation a single genotype may dominate the cell population,
thus constituting the stemline, while other genotypes, in
lesser numbers, serve as reserves to deal with adverse en
vironmental changes. This genetic polymorphism provides the
tumor with a preservation mechanism, enabling it to survive
in the event of drastic environmental changes by the take-over
of cells with a different modality. These are better adapted
to the new situation and in turn become the new stemline.
Evidence thus shows that while the constancy of the
(1+7, 1+8)
stemline is quite pronounced, it is not always absolute.
(1+0)
However Kazlwara demonstrated that even though with ap
propriate pressures, populations can change to a double-
stemline or multiple- stemline dominated condition, none are
completely converted, and that after removal of these pressures,
most of the populations returned to their original conditions.
Furthermore Makino showed that in some instances the stemline
chromosome pattern as well as the genotyplc constancy of the
tumor cells were persistent after heterologous transplants.
The stemline was maintained after these transplants as well
as after cold storage of the tumor, and following treatment
of tumor cells with variotis chemicals.
There are several specific alterations in the in vitro
environment which have been observed to alter the stemline
number. Differences in handling of the cultures such as
changing to a new medium formula have been observed to act
(11)
as forces causing a new adaptation. Alterations of the
sub-culture schedule, or leaving the cultures in the same
containers while only changing the medium, have been known
(3D
to select new stemlines. Interestingly, Moore et al .
have shown that after culturing Chang's liver and conjunctiva
(7)
strains (originally taken from normal liver and conjunctiva
cells) for a period of two years, the strains developed malignant
chances and produced tumors when transplanted to heterologous
"
(5l)
hosts. In other words there seems to be a mechanism of
carcinogenesis present in the culture methods for strain
establishment.
Other factors which appear to alter the stemline of cells
in vitro are Ions- term colchicine treatment of the cells (at
least forty-eight hours are necessary to produce any change),
the action of natural coumarln and its derivatives, low
calcium In the culture medium, irradiation, and trypsinization
(3, 29, 1+2, 63, 66)
Itself. r^ie mechanism by which these
factors affect the cells seems to be one of induction of
chromosome breakages and promotion of translocations.
At present, two cell lines derived from a cerebral
metastasis of a human melanotic malignant melanoma are growing
in tissue culture in the laboratories of Professor E. E.
Manuelidis, Yale University, Department of Pathology. One
of these lines (T. C. 1+91) was started directly from the
-9-
human tumor, while the other (T. C. 1+97) was taken from a
heterologous transplant growing in the anterior chamber of
a guinea pig's eye. A study of the chromosomal complement
of these two lines is reported in the present study.
Histologically the cells from both lines appear to be
quite similar (Figs. 1 and 2). In both instances one finds
a oicture which is considerably pleomorphic, with epithelial-
like, round, and spindle-shaped cells. No melanotic pigment
could be seen in the cytoplasm of cells in both lines. In
many cells, elongated, filamentous processes could be seen
extending from the cytoplasm. Cell nuclei contain1 numerous
nucleoli, and multinucleated giant cells are present, in some
cases containing as many as eight or nine nuclei. In general
however, the cell population from line 1+97 impressed as being
less pleomorphic, and fewer multinucleated giant cells could
be seen.
In view of the previous discussion of the work done up
to the present in this field, it is hypothesized that the
cell line derived directly from the human tumor (T. G. 1+91)
will exhibit a wide variation in chromosome complement, while
that proceeding from the heterologous transplant (T. C. 1+97)
having been subjected to the selective oressures of the
transplant, will show a narrower range in complement and
possibly the development of a different stemline.
MATERIALS AND METHODS
Dr. Elias E. Manuelidis, Professor of Pathology at the
Yale University School of Medicine, generously supplied the
tissue culture lines usedin this investigation. The original
- ±KJ-
tumor source was a human melanotic malignant melanoma obtained
from surgery of a cerebral metastasis at the Hartford Hospital
on April 26, 1963. A tissue culture (T. C. 1+91) was im
mediately prepared from the tumor tissue and a transplant
was done into the anterior chamber of a guinea pig's eye.
The tumor grew in guinea pig for eighty-eight days, and was
then placed in tissue culture (T. C. 1+97).
The medium used to culture these cells was Eagle's
Basal Medium with Earle's balanced salt solution. Ten per
cent non-inactivated horse serum was added. The same medium
was used throughout the culturing process until the time of
investigation. The cells were grown In glass bottles in
10 ml. of medium. The lines remain undisturbed in a dark
incubator at 37°C. Subcultures were done on a weekly basis,
wi-th never more than twenty-four hours difference in the schedule.
T. C. 1+91 had been subcultured on this regular basis for
a period of 15 weeks before the samples for our study were
obtained, and T. G. 1+97 was Investigated after 32 we°ks of
sub culturing.
The procedure used for the preparations of these cells
(9)
follows that outlined by Cohen on a similar investigation,
with some minor variations. 0.13 rnl. colchicine (cone. 5 x 10" )
were adied to the 10 ml. of culture medium for a final con-
centration of 2.5 x 10 colchicine. This was incubated for
four hours at 37° C. The medium was decanted to a centrifuge
tube and the cells were trypsinized until there were no cells
adherent to the glass (approximately 5 minutes). The cell
-11-
suspension was then added to the original medium and centri
fuged for five minutes at 800 rpm. The supernatant solution
was then aspirated and the cells were suspended in 3 rol. of
a 0.$0% sodium citrate solution. They were allowed to stand
at room temperature for fifteen minutes and then centrifuged
for 5 minutes at 800 rpm. Again the supernatant was aspirated,
leaving 0.75 ml. covering the button of cells in the bottom
of the centrifuge tube. A fixative solution consisting of
67^ methyl alcohol and 33% glacial acetic acid was added
dropwise for a period of twenty minutes and then continued
until a level of 5 ml. had been reached. The cells were allowed
to remain undisturbed, at room temperature for thirty more
minutes. At this time the levels of citrate and fixative
were gently mixed, without disturbing the cells. This was
allowed to remain undisturbed for ten more minutes. The cells
were then suspended in the solution and allowed to stand for
fifteen minutes. They were centrifuged at 800 rpm for 5
minutes, the supernatant was aspirated, and the cells were
resuspended in 1.0 ml. of fixative. This suspension was
placed dropwise on previously frozen slides and allowed to
dry.
The slides were then stained with a filtered orcein
solution (9 parts of 2.2 cms. orcein in 100 cc. glacial acetic
acid to 11 parts of distilled water). They were dehydrated
in serial dilutions of ethyl
alcohol (95 - 95 - absolute -
absolute - carbol-xylol - xylol - xylol) and then cover-
slipped with perraount.
-12-
The chromosomes in a total of 1+00 cellc were counted
in each cell line and care was excercised so that no cell
was counted more than once. The criteria used for selecting
cells to be counted were the following:
1) Only isolated cells were counted. Those
adjacent or too close to another cell in
metaphase were not counted.
2) Only cells with a clearly discernible,
intact cell border, with the chromosomes
spread out in a regular fashion were
utilized.
3) Only cells where the chromosomes were
sufficiently spread so that their borders
could be seen individually were used.
1+) Cells where an excessive degree of break
age and fragmentation of chromosomes had
occurred were not taken into account, since
this phenomenom made identification of
individual chromosomes impossible and was
attributed to prolonged exposure to colchicine.
RESULTS
T. C. line 1+91, which proceeded directly from the human
tumor, was noted to have cells with a wide ranse of chromosome
complement. No definitive peak was observable. However
the modal number for the line seemed to group in the sub-
triploid range of 63-70 chromosomes per cell, and the median
number of chromosomes was 67 (Fig. 3 and Table 1).
T. C. line 1+97 obtained from the heterologous transplant
of the original tumor tissue to the anterior chamber of a
p-ulnea pig's eye showed a somewhat narrower range of chromosome
complement. The modal number for this line was also found
in the subtrioloid 63-69 range, with a definite peak number
of cells with 67 chromosomes. The median was again 67 (Fig. 1+
and Table 2).
-13-
It will be noted that the number of cells with a modal
number between 63-69 in T. C. 1l91 comprise 62.5$ of the
population, while in T. G. 1+97 they make up 82.25$ of the total
counted.
In both lines a small number of cells was found in the
subhexaplold range (l+.0$ in T. C. 1+91 and 5.5% In T. C. 1+97).
Had it been possible to obtain a better chromosome spread in
more of these cells with a large complement, possibly their
proportion to the total population would have been even higher.
Nevertheless, it is noted that the percentage of these cells
in relation to the total population is about equal in both
lines.
Several cytologic phenomena were observable in the
chromosomes of both cell lines. In T. C. 1+91 a dicentric
chromosome was seen in many of the cells whose chromosome
count fell within the modal range (63-70 chromosomes) (Fig. 5).
A dicentric was also present in one of the subhexaplold
cells (Fig. 6). However it was not seen in any of the other
subhexaploids. There was also one instance in this cell
line where an abnormally long chromosome was seen and there
was evidence of breakage among some of the other chromosomes
(Fig. 7). However this was not a universal variation for the
cell line. There were no other markers.
In T. C. 1+97 we again found a dicentric chromosome in
many of the cells whose count fell within the modal range
(63-69) (Fig. 8). However there was no dicentric seen in any
of the subhexaplold cells. In two of the cells falling in
the subhexaplold range there was evidence of endoredupli cation
-11+-
(Fig. 9). Aside from the dicentric chromosome, no other
markers were seen.
DISCUSSION
We noted from the onset that aside from a slight derree
of more pleomorphism in cells from T. G. 1+91 than In those
from T. C. 1+97, the two cell lines were for all practical
purposes, histologically the same.
In terms of chromosomal complement, both lines showed
similar modalities, with a median number of 67 in both instances.
This is in line with the observations of other investigators
who have found that most frequent chromosomal number for
human tumors appears in the near-diploid and hyperdiploid
(39, 1+5)
range.
Finding an identical median both in the cells from
T. C. 1+91 as well as in those from T. G. 1+97, seems to cor
roborate the observations made by several investigators, that
in spite of the environmental pressures exerted by trans
plantation, the cell populations are not completely converted,
even when initially these pressures may Induce a double-
(liO, kk)
stemline or multiple-stemline dominated condition.
On the other hand, other investigators have found that
(9, 73)
the stemline does change after heterologous transplantation.
The answer to this aoparent contradiction may lie in how
drastic the change in environment may have been, how strong
the §ells in the established stemline(s) may be, or perhaps
for what length of time the cells are kept in tissue culture.
Furthermore, there may be differences in modality within
the same tumor at different stages of its development. This
-1!?-
latter hypothesis seems to be of importance, since some
authors have observed that after removal of environmental
pressures and return to the same tissue culture medium, most
cell populations gradually return to their original condi-*
(l+0,'t+L+)
tions.
Our line 1+97 had undergone subculturine for 32 weeks
when our stuiy was started. This seeTs ample time after
return to the original environment to enable the stemline
cells to regain predominance over any others that may have
arisen during the transplant.
The theory of natural selection of cells better adapted
to the new environment from a tumor population of mixed
(18, 30, 1+8)
genotypes seems to be corroborated by our study.
Natural selection during the transplant could explain the
higher proportion of cells havinr? the modal number (63-69)
in T. C. 1+97. 82.25$ of the total number of cells in T. G.
1+97 had a mode between 63-69, in contrast to only 62.50$ of
the total number of cells in T. G. 1+91. The change of en
vironment into the heterologous host may have provided a
selective force strong enough to narrow the range of chromo
some modalities, but not strong- enough to alter the stemline
chromosomal number significantly.
A further observation which can be derived from our
study is that the chromosomal similarity of the two cell
lines se^ms to correlate wita their morphologic similarity.
(9)
It should be noted that in a previous similar study
chromosomal differences were associated with histological
differences.
-16-
The strong similarities both morphologically and In
chromosomal distribution makes strong the suspicion that
we are dealing with the same stemline in both cell lines,
and that aside from selecting out the modal cells (in the
range of 63-69), to make them a greater percentage of the
total, heterologous transplantation did not alter the
characteristics of this tumor. This seems to be corroborated
by the presence of the dicentric chromosome in many of the
modal cells of both lines.
SUMMARY
Two cell lines derived from a human melanotic malignant
melanoma, metastatic to brain, were studied for chromosomal
patterns and distribution. One line (T. G. 1+91 ) proceeded
directly from the original tumor, while the second was taken
from a transplant of the original tumor tissue to the anterior
chamber of a guinea pig's eye.
Histologically the cells in both lines were practically
identical. Examination of the chromosomal numbers showed
a similar range of complement and a median complement of 67
j
chromosomes in both lines. A dicentric chromosome was observed
in cells in the modal range of both lines. The only ob
servable difference between the two cell lines lie in the
proportion of cells having the modal number (63-69), this
being 62.50$ in T. C. 1+91 and 82.25$ in T. C. 1+97.
It is concluded that we are dealing with the same stemline
cells before and after heterologous transplantation, and that
the changes produced by transplantation into the anterior
-17-
chamber of a guinea pig's eye were not drastic enough to
select out a different stemline cell, but rather allowed for
the perpetuation of the original cells.
-18-
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Cells with mode 63-69 = 250
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Figure 1 - Histological picture of cells
from T.C. U91. H. and E. stain. X 110.
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Figure 2 - Histological picture of cells
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Figure 5 « Chromosomes in a cell from T.C. U91
showing a dicentric chromosome0 Oil immersion
photomicrograph. X 5,000.
c
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Figwo 6 - Chromosomes in a subhexaploid cell from
T.C. U91 showing a dicentric chromosome. Oil
immersion photomicrograph. X 2,500.
Figure 7 - Chromosomes in a cell from
T.C. U91 showing evidence of breakage
and an abnormally long chromosome. Oil







Figure 8 - Chromosomes from a cell in T.C. U97
showing a dicentric chromosome. Oil immersion
photomicrograph. X 1|.,100,





Figure 9 - Chromosomes from a cell in T.C. U97
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